Abstract-Radio communication channels for the transmission of discrete messages are typically affected by various types of additive and multiplicative interferences resulting in nonstationary radio lines. The quality of such radio line changes over time and this requires constant adaptation of receiving and transmission apparatus to the conditions of communication. To implement the modes of adaptation, continuous assessment of the quality of communication channels is required. One of the basic criteria for quality assessment of a discrete communication channel is the degree of telegraph (end) distortions for transmitted message unit intervals. This degree is specified by the received power-to-noise ratio. The paper examines the issue of defining the relationship between the signal power-to-noise ratio and the mean value of telegraph distortions for various manipulations (AM, FM, RPM). A relatively simple estimation method is proposed for the current mean telegraph distortion value over the entire period of message reception in a "sliding window" at an assigned limited time interval, this "sliding window" being less than the time interval of communication channel stationarity. The findings of the study can be applied in design of devices for receiver adaptation to communication conditions.
14 Nov-16 Nov 2017 II. PROBLEM STATEMENT The main purpose of this paper is to define the analytical dependency of the telegraph distortion value on the signal power-to-noise ratio. Knowledge of this sort of dependency allows estimating the signal power-to-noise ratio, and, hence, the error probability value for various types of manipulations if the mean telegraph distortion value in the received discrete message is known.
In accordance with the previously outlined, measurement of MTDV parameter is the most appropriate for quality estimation of non-stationary communication channels. However, the technical realization of this estimation poses certain challenges related to the complexity of MTDV algorithm definition in a "sliding window" [4, 5] . This paper describes a relatively simple algorithm of MTDV definition in a "sliding window". This algorithm can be readily software implemented on any processor.
III. ESTIMATION OF SIGNAL POWER-TO-NOISE RATIO BY THE MEAN TELEGRAPH DISTORTION VALUE
The deviation of unit interval edges from its mean value ΔT is considered [6] to comply with the normal probability distribution law:
In most cases t mean equals to zero. Let MTDV ΔT mean be defined as the percentage ratio of the mean module deviation value for the unit interval edge from their mean position at the given time interval to the message element T duration. The assigned time interval in view of the symbol rate is continuously shifted lengthwise the time axis, this interval being the so-called "sliding window".
2) where R is the number of edges for unit intervals at the examined time interval, and r+R is the number of the next edge for the binary sequence of the message being received.
In accordance with the expression (3.1) the edge deviation module of unit intervals |ΔТ| from their mean position has a unilateral normal distribution:
∆Т for ΔT≥0 and Р(|ΔT|) = 0 for ΔТ<0, for which the mean value ΔТ mean equals to:
Thus, by measuring ΔТ mean the value σ ΔТ can be estimated, this value being the density parameter of the probability distribution (3.1).
If MTDV is known at the assigned time interval, it is possible to estimate the quality of communication channel at this time interval. Given that the dependency of MTDV and h 2 is known, this estimation can be expressed in the signal power-to-noise ratio value. This allows simultaneous estimation of the mean element error probability to be obtained at the specified time interval.
Unfortunately, the functional relationship between the telegraph distortion value and corresponding level of signal power-to-noise ratio has not been known yet. Let us determine this relationship.
To make a final decision on the value of the received symbol, strobing of the message element is performed at the output of the demodulator on its predicted middle point, this point being evaluated with the signal recovering instrument. The effect of this operation is that the strobing element inversion occurs if the unit interval edge deviation is more than half its length T, i. e. the error reception of the element takes place. With regard to (3.1), the probability of the error element reception is described by the expression:
It is known [7] that normally the error probability in discrete message transmission via a communication channel with signal fading and additive noise depends on the time and is described by the expression:
(3.5) where M depends on the type of manipulation: for АМ М=4, for FM М=2 and for RPM М=1.
According to equations (3.4) and (3.5), the distribution parameter (3.1) σ ΔТ (and, hence, ΔТ mean ) uniquely depends on the signal-to-noise h 2 ratio. Therefore, estimation of the mean telegraph distortion value at a given time interval allows evaluating the mean value of signal power-to-noise h 2 ratio at this time interval. Unfortunately, it is not possible to solve the system of equations (4) and (5) . Error reception of a message element is known to happen where a unit interval edge deviates either to the right or to the left from its mean position beyond the half duration limits of this unit interval.
Let us set the error probability value Р er . This error corresponds to a certain signal power-to-noise h 2 ratio under the given modulation type. The probability integral value that corresponds to this error probability equals to: (1-Р er )/2. Let us find the argument value for the error function Х (at SD=1) conforming to this expression. According to (3. 3) the EV of the single-sided standard normal distribution equals to EV=0.8.
Therefore, the argument value of the error function X corresponds to the edge deviation by 50 % from the mean position, and MTDV in this case corresponds to the value of 80 % since SD equals to one.
Finally, we obtain the relationship: Thus, if we know MTDV, it is possible to define by equation (3.6) the argument of the error function X, find the error probability conforming to the given MTDV and using the expression (3.5) define the signal power-to-noise h 2 ratio. It follows from formulas (3.4) and (3.5) that signal powerto-noise h 2 ratio can be determined if we know MTDV. According to (3.2) MTDV is determined at the given time interval by measuring the mean telegraph distortion value within this interval. Under the similar telegraph distortions for various kinds of manipulations, the signal power-to-noise ratio, as previously stated, has different values according to the value of coefficient M. Figure 3 .1 shows the obtained dependencies of the mean telegraph distortion value for AM signal (curve 1), FM signal (curve 2) and RPM signal (curve 3) modulators on the signal power-to-noise h 2 ratio. Here the corresponding error probability values are specified for the values of MTDV at AM, FM, and RPM.
If to approximate the curves shown in figure 3 .1, the dependency of the signal power-to-noise ratio on the MTDV estimate for AM, FM and RPM modems can be written in the form of analytical expressions: 100% and error probability on the signal power-to-noise ratio h 2 .
IV. ALGORITHM FOR DEFINING THE MEAN PROBABILITY OF TELEGRAPH DISTORTION IN THE "SLIDING WINDOW"
The algorithm for defining MTDV measured in per cent can be written as follows:
It follows from (4.1) that to determine MTDV it is necessary to add modules of all values for relative unit interval edge deviations from their mean position at the time interval corresponding to a certain "sliding window". Then the received sum is divided by the total number of unit intervals with edges at the given time interval.
A standard flow diagram for MTDV assessment in the "sliding window" is shown in figure 4.1. To perform the operation, all values for edge deviations from their mean position should be remembered. At the next stage of defining MTDV with a new value of the next edge deviation from the mean position in the "sliding window", the edge deviation value being defined earlier as the last one in the delay line is deleted from the received sum of deviation edge modules.
However, [10] proposes different to (4.1) algorithm for defining the sum S(r) of value readings of the functional dependency s(r) in the "sliding window" with the width R:
The algorithm (4.2) can be modified as follows: The adder at the input of the delay line adds modules of relative edge deviations from their mean position at the outset of message reception. The adder at the output of the delay line adds modules of relative edge deviations from their mean position delayed by R readings. As a result, by subtracting the second sum from the first one, we can obtain the value of MTDV:
It is obvious that the adder algorithm in the "sliding window" described by the expression (4.4) is simpler in its realization. The first algorithm is shown in figure 4 .2, and the second one is presented in figure 4.1.
The described algorithm for defining the mean in the "sliding window" was first tested by the author in telegraph distortion modelling [8, 9] . This model was originally realized on the programmable calculator МК 61, this calculator having ultra low storage resource to build a classic averager in the "sliding window". The delay line was simulated by the second process being identical to the first one. This process was reproduced with the time delay by the prescribed number of discrete time intervals. In implementing this model, value averaging in the "sliding window" is required with the time interval being sufficiently large. But it appeared that the time interval was arbitrary large with this kind of averager implementation in the "sliding window".
V. RESULTS ANALYSIS
The results can be summarized as follows: a mean telegraph distortion value is an effective criterion in estimation of the communication channel quality: if MTDV is less than 23 %, the signal power-to-noise ratio provides mean error probability in the communication channel being less than 10 -2 , and this communication channel is considered to be "good" on binary quality assessment. If MTDV is more than 23 %, error probability in the communication channel exceeds the value 10 -2 , and the communication channel is considered to be "bad". a relatively difficult procedure of defining MTDV with a tapped delay line can be changed to a relatively simple procedure with an ordinary delay line of one input, one output and two adders. One of them adds data at the input of this delay line and another adder adds data at the output of this delay line. The difference of these sums is the estimate of MTDV.
VI. CONCLUSION
The results show that there is a unique dependency between the telegraph distortion value and signal power-to-noise ratio. This dependency allows one to evaluate the level of signal power-to-noise ratio by determining the mean telegraph distortion value. In case of necessity an error probability can be evaluated at the time interval many times less than it is required for its direct estimation.
In order to make the estimation of the communication channel quality adequate, the time interval where evaluation takes place should be less than the function autocorrelation time. The value of this function conforms to the quality of communication channel and this quality depends on time. The estimation method of the communication channel quality on edge distortions allows one to make the required interval many times less and satisfy the above condition even if signal fading is fast.
The described algorithm of averaging for edge deviation module of discrete message elements from their mean position allows one of the most effective parameters of the received signal -MTDV -to be relatively easy estimated. MTDV indicates the signal quality and allows radio line to be adapted to ever-changing communication conditions. This mean algorithm can be used in determining mean values of all functional dependencies at the assigned interval of the "sliding window" lengthwise their argument.
